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VUV FOURIER TRANSFORM SPECTROSCOPY OF THE (0,0) BAND OF NO

K. Yoshino, J.R. Esmond, J.E. Murray A.P. Thorne
Y. Sun, A. Dalgarno, W.H. Parkinson

Harvard-Smithsonian Center for Blackett Laboratory
Astrophysics Imperial College
Cambridge, MA 02138 London SW7 2BZ, UK

Using the VUV Fourier transform spectrometer (FTS) at Imperial College we have observed
the (0,0)and (1,0)bands of NO, at 191 nm and 183 nm respectively, in absorption. A high
current hydrogen lamp was used as the background continuum source with a 0.3 m grating
spectrometer as a bandpass filter. The absorption spectrum was observed at various pressures
of NO ranging from 0.004 to 0.089 torr, and temperatures of 295 K and 78 K. To fully resolve
the sharp NO lines (Doppler width 0.11 cm at 295 K) we chose an FTS resolution of 0.06 cm’?
(2 mA). We report here on the first, absolute, cross section measurements made for the (0,0)
band along with new improved energy precision for the low lying rotational levels (up to
J=201/2 for the C2II and J=81/2 for the BII electronic states). A deperturbation procedure to
analyse the energy level structure will be presented.

This work is supported by NSF Division of Atmospheric Sciences grants ATM-91-16552 and
ATM-90-19188 to Harvard College Observatory.
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Photo-destruction of NO is an important
stratospheric process

175 - 205 nm penetration controlled by O,

Atmospheric model computations involving
0O, and NO must be done on a line by
line basis

Such measurements have been completed for most
of the Schumann-Runge band

To fully resolve the linewidths of the NO band
we require resolving powers approaching 10°

3(0,0) AND [3(7,0) BANDS OF NO

AND (5,0) S-R BAND OF O,

ropilair

1905 1S10 1915
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11.5
12.5
13.5
14.5
15.5
16.5
17.5
18.3
19.5

Table 1

Determination of the mixed C %Il and B %Il Tye terms

R11

52380.29
52391.00
52402.34
52414.02
52430.65
52453.45
52480.79
52512.26
52547.75
52587.19
32630.65
52678.06
52729.40
52784.74
52843.98
52907.15
52974.30
53045.38

using rotational lines from different branches

P11

32372.72
52380.31
92390.99
52402.33
52414.04
52430.65
52453.45

52512.26
52547.70
52587.19
52630.63
52678.06
52729.39
52784.72
52844.02
32907.16
52974.35
53045.39
53120.39

R12

52391.00

52430.63
52453.45
52480.80
52512.25
52547.76
52587.24

52678.04

52784.74

P12
92380.32
52390.99

92430.64
52453.44
52480.76
52512.25

52587.26

387

Q11
52372.69

52390.95
52402.27

Q12

52380.29
52391.02

Mean

52372.70
52380.30
52390.99
52402.31
52414.03
52430.64
52453.45
52480.78
52512.26
52547.74
52587.22
52630.64
52678.06
52729.40
52784.73
52844.00
52907.16
52974.33
53045.38
53120.39

std

0.02
0.01
0.02
0.04
0.02
0.01
0.00
0.02
0.00
0.03
0.03
0.01
0.01
0.01
0.02
0.02
0.00
0.03
0.01




The eigenstates of the NO molecule are mixtures of four Hund’s case (a)
basis: C?Il;/5(v = 0,J), C*3/5(v = 0,J), B*,/3(v = 7,J ), and B2I3/5(v =
7,J). The corresponding 4 x4 Hamiltonian is given in Table 2a. Least square
nonlinear fitting of the observed enenrgy values to the Hamiltonian results in
the molecular constants (Table 2b). In the fitting, we fixed the D constant
for the B?II at 4.68 x 10~® (calculated using the RKR potential of Gulluser

and Dressler).

Table 2a: Hamiltonian for each 211 block

{ 2H1/2 ; 21-13/2
My T, — A2+ (X—-l) DI(X +1)? symmetzic
3—‘p(l—v-\/ 1)/2+q(X ,2:2\A“ V/2 _
M3, 1 VXI—B + DX T.-A4/2+-B(X-1)
' —p/d +q(£=vVX +1-1)/2] DX — 1) = X — X2

X =(J ~1/2)(J + 3/2), upper (lower) signs are for e(f) parities.

<32HQ’H[02HQI> = HB(;(SQQI

. -1 .
Table 2b: Molecular constants in cm  units

P CMI(v=0) T, = A B D p q

| this work | 52371.26 | 3.21 ‘ 1.9945 . 6.2 x10~° . -0.0059 : -0.016

| A&V : 3 1957 | 1.994555 | 5.8694x10-% ' -0.0057 ¢ -0.0159484
| B*I(v =7) T, | A | B | D  p  q

|

|
this work [ 52367.14 | 42.31 | 1.0320 | 4.68x107° | 0.024 | -0.0034 -

Hgc = 5.29, rms=2.1x1073.
The energy orig'n is the lowest X?II level.
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SAGE 1990 - 91 Middle East

G SR S e, SRy N
o Ao

e g

hia P

e s

o P g

S o e My @ s TG

MG e w b

P R
o

At X
et earves g
<3t

R

AT
Rl e

ety ..
e a e A T
Feawe.

S
-y

e a3,

423




. .
(,-Ww) SjuBIDYJB0D UOHDUNX] {0SOIBY
8 U Bt I B [rrrTr T T UL B B LI B B LRARILELENLU [T ...O
— // H
N
— h —{ot
- [} -
L \ !
- \ - >
= \ | -
_ \ | &
— —oz &
N N i \M
- \ -
B N H
[ _ < -
| — N —
— —og
- \ -
\
- N _
_ \ |
- \ -
- N >
\

- \ -
- \ ]
| . \ -

\ ]
ﬁ...:._. 1 T T I T T liess v 1 1 1 TN Y Livss Ni o litre s 1 ov.

1s03 8IPPIN ¥861 3OVS

424



(,-w») sjuBd|d1}ja0Y UOHOULX] |OSOIBY

2_0l -0l 0 ol

wl

ol

_0Ot

[(Trvv v i1 I —_-_—__ T ¥ _—____- ¥ ) __-__.__ 1

55 T U N I | 1 _-.-—_—— 1 —_-.-. i ____—b_v 1

—______

—»__

|

01

0c

(wy) apniny

10¢

}SD3] BIPPIN G861 JOVS

ov.

425




SAGE 1986 Middle East

Aerosol Extinction Coefficients (km™')
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SAGE 1987 Middle East
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Wednesday 9 June 1993 a.m.

SESSION D: Non-LTE SPECTROSCOPY APPLICATIONS
Chair: Richard H. Picard, PL/GPOS
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SHARC
A MODEL FOR CALCULATING ATMOSPHERIC RADIATION UNDER
NON-EQUILIBRIUM CONDITIONS

David Robertson,'! Robert Sundberg,' James Duff,’
John Gruninger,' Steve Adler-Golden,! Ramesh Sharma,*

and Rebecca Healey
!Spectral Sciences, Inc. *Phillips Laboratory/GPOS
99 South Bedford Street, #7 29 Randolph Road
Burlington, MA 01803-5169 Hanscom AFB, MA 01731-3010

*Yap Analytics
594 Merrett Road
Lexington, MA 02173

SHARC was developed by the Air Force to provide both research and systems-level
predictions for atmospheric IR radiance for arbitrary paths within the 50 to 300 km altitude
regime and in the 2-30 um spectral region. The code calculates LTE and NLTE emissions from
the significant atmospheric IR radiators, CO,, NO, O;, H,0, CO, OH, and CH,. Molecular
excited state populations are calculated with a Monte Carlo model for layer-layer radiative
excitation and energy transfer with a flexible chemical kinetics module derived from the
CHEMKIN Code developed by Sandia, Livermore. Radiation transport calculations are based
on an equivalent-width line-by-line (LBL) approach with a spectral resolution of about 0.5 cm.
The LBL algorithm uses the Roger-Williams and Curtis-Godson approximations for the
equivalent widths of combined Doppler-Lorentz (Voigt) lineshapes. Spectroscopic data are taken
from the HITRAN line atlas which has been augmented with additional O, NO and NO~ lines.
SHARC also has an auroral module that describes electron dosing and solves the time/energy
dependent rate equations to calculate secondary electron distributions and the resulting IR
emissions from CO,, NO and NO*. This module is fully embedded in the ambient part of the
code so that radiance calculations for paths passing through a finite auroral region are possible.
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ILLUSTRATIVE SHARC CALCULATION

SPACE VIEWING THROUGH A S5@km LIMB PATH
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NON-LTE STUDIES OF THE 15-um BANDS OF CO, FOR
'ATMOSPHERIC REMOTE SENSING

David P. Edwards,' Manuel Lopez-Puertas,” and
Miguel Angel L6pez-Valverde’

'National Center for [nstituto de Astrofisica de
Atmospheric Research Andalucia
Boulder, Colorado, USA Granada, Spain

The new line-by-line non-LTE calculation capability of the GENLN? radiative transfer code is
described. Non-LTE model implementation and molecular state vibrational temperature input
requirements are discussed for studies of the 15-pm v, bands of CO,. Monochromatic and band-
integrated radiance calculations have been performed for atmospheric limb view tangent heights
between 50 and 120 km for non-LTE night and daydme conditions. Non-LTE radiance
considerations are shown to be important for the 15-pm CO, bands for tangent heights greater
than 70 km, the magnitude of the divergence from LTE values and diurnal variation being
dependent on the band and kinetic temperature profile. We show the importance of including
Lorenzian line wings and overlapping lines. Calculatons of synthetic radiance spectra are
presented showing the non-LTE effect for two CO, temperature sounding channels of instruments
aboard the Upper Atmosphere Research Satellite as a demonstration of the model capability.
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CRITICAL TESTS OF NON-LTE RADIATIVE MODELS AGAINST
HIGH-LATITUDE ROCKET DATA

R.H. Picard,' J.R. Winick,' U. Makhlouf,* A.J. Paboojian,’
A.J. Ratkowski,' K.U. Grossmann,® D. Homann,* and J.C. Ulwick?

'Phillips Laboratory/ Geophysics “Stewart Radiance Laboratory
Opdcal Environment Division Utah State University
Hanscom AFB, MA 01731 129 Great Road

Bedford, MA 01730

*ARCON Corporation “University of Wuppertal
Waltham, MA 02154 Wuppertal, Germany

We have carried out tests of non-LTE radiation models against field data under conditions in
which the state of the atmosphere was very well characterized and subject to extreme differences.
The data were obtained during a series of rocket launches from northern Scandinavia, supported
by ground-based observations. These included the series of SISSI flights, the first of which (6
Mar 1990) was part of the DYANA Campaign, and the MI-1 rocket launched 10 Feb 1984 during
the MAP/WINE Campaign. The measured state of the atmosphere, including temperature and
atornic-oxygen profiles, is input to the line-by-line ARC (Atmospheric Radiance Code) non-LTE
code and associated models, and model predictons are compared with spectral data from a
rocketborne Ebert-Fastie spectrometer, emphasizing the CO, 15um data. We conclude that the
models are able to predict non-LTE spectral radiance very well when provided good input data
on the aumospheric state. We also show that very significant differences betwesn model

predictions and point measurements can occur when climatologies are used to generate inputs for
the radiative models. "
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ATMOSPHERIC STRUCTURE SIMULATION: AN AUTOREGRESSIVE
MODEL FOR SMOOTH GEOPHYSICAL POWER SPECTRA WITH
KNOWN AUTOCORRELATION FUNCTION

James H. Brown

Phillips Laboratory/ Geophysics
29 Randolph Road
Hanscom AFB, MA 01731-3010

Within a defined domain, geophysical phenomena often are characterized by smooth continuous
power spectral densities having a negative power law slope. Frequently, Fourier transform
analysis has been employed to generate synthetic scenes from pseudorandom arrays by passing
the stochastic data through a Fourier filter having a desired correlation structure and power
spectral dependency. This paper examines the possibility of producing synthetic structure by
invoking autoregression analysis as contrasted with the Fourier method. Since computations that
apply multidimensional fast Fourier transforms to large data arrays consume enormous resources
and time, the goal of this study is to seek an alternative method to reduce the computational
burden. Future editions of the Phillips Laboratory Strategic High Altitude Atmospheric
Radiance Code (SHARC) will feature an ability to calculate structured radiance. The methods

explored herein provide a process that can compliment or in some cases supplement methods
presently being used.
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10.

11.

Figure Captions

Expression for the linear difference equation. Future values of a time
series predicted from past values and random data. So-called ARMA
model.

Expression for power spectra given an ARMA linear predictor model.
The a's and b's are the AR and MA predictor coefficients.

A theoretical model for power spectral density and autocorrelation
function for constant power law slope.

Expression for the coherence length parameter . Function of power

" "

law slope and parameter "a".

Sample model PSD and autocorrelation function, Slope =-3., 62 =
0.2, L, = 5.0 and a = 0.05. Upper left quadrant log-log PSD vs spatial
frequency, upper right quadrant linear PSD plot, lower left quadrant
autocorrelation function vs lag, lower right quadrant power curve.

White noise. Sample Gaussian random number sequence, mean = 0.,
standard deviation = 0.055, spacing 100m.

Histogram of sample Gaussian random number sequence. Theoreti-
cal mean = 0., theoretical S.D. = 0.055.

Left panel, theoretical PSD input (unmarked), autoregressive predic-
tor PSD (marked by x), and simulated PSD (marked by small square).
Right panel, corresponding autocorrelation functions. Le = 1.75 Km,
S =-5/3, 62 = 1.02E-03, spacing = 100m. Theoretical autocorrelation
function modified at lag = 0. Six predictor coefficients.

Autoregressive simulated structure sequence. Lg = 1.75 Km, S =
-5/3, 62 = 1.02E-03.

Histogram of autoregressive simulated structure sequence. L¢ = 1.75
Km, S =-5/3, 02 = 1.02E-03.

Left panel, theoretical PSD input (unmarked), autoregressive predic-
tor PSD (marked by x). Right panel, corresponding autocorrelation
functions. Lo = 1.75 Km, S = -5/3, 62 = 1.02E-03, spacing = 100m.
Modified theoretical autocorrelation function at lag = 0. One predic-
tor coefficient.
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12.

13.

14.

15.

16.

17.

Left panel, theoretical PSD input (unmarked), autoregressive predic-
tor PSD (marked by x), and simulated PSD (marked by small square).
Right panel, corresponding autocorrelation functions. L¢ = 10 Km, S
=-5/3, 62 = 4.9E-03, spacing = 100m. Theoretical autocorrelation
function modified at lag = 0. Six predictor coefficients.

Autoregressive simulated structure sequence. L¢ = 10 Km, S = -5/3,
o2 = 4.9E-03. :

Conclusions. Self-explanatory.

The auto-regression Yule-Walker Matrix equation for solving the AR
coefficients.

The Levinson Recursion Algorithm. An iterative solution of the Yule-
Walker equations.

A forward and backwards method for minimizing the error of an AR
process power spectrum.
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AN UPDATE ON THE AFGL OPTICAL TURBULENCE
RADIOSONDE MODEL

Edmond M. Dewan

Phillips Laboratory/ Geophysics
29 Randolph Road
Hanscom AFB, MA 01731-3010

Recently the AFGL C,* model has been applied by Lt Col Roadcap of Phillips Lab (at Kirtland
AFB) to radiosonde data for the purpose of estimating the effects of turbulence on an AF
Airborne Laser Weapon System (ABL). This had the effect of bringing new attention to this
model developed some years ago by Dewan, Good, Beland, and Brown*. While it is true that
our model has been described in the open literature, these descriptions left out of account certain
important items of interest. The purpose of this talk will be to make these available prior to their
publication. (An in-house report is in press). These include (a) the basis of the model and how
it was constructed, (b) the estimated uncertainty of its predictions, and (c) potential pitfalls in its
use. An alternate (NOAA) model exists and comparisons will be made between it and the AFGL
Model. Briefly, in contrast o the NOAA model, the AFGL model is (a) an order of magnitude
simpler (i.e. faster), (b) has no "adjustable parameters" (site location dependence), and (c) it may
possibly be more reliable in its application to the ABL program.

It has been indicated, with the help of this model, that jet streams may play an important role in
how any future ABL system might be operated.

*In house report in press "A Model for Cg* (Optical Turbulence) Profiles Using Radiosonde

Dawa".
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A NIGHTTIME STRUCTURE MODEL OF ATMOSPHERIC OPTICAL
TURBULENCE, C,’ DERIVED FROM THERMOSONDE AND
HIGH RESOLUTION RAWINSONDE MEASUREMENTS

James H. Brown

Phillips Laboratory/ Geophysics
29 Randolph Road
Hanscom AFB, MA 01731-3010

Data from fifteen thermosonde flights was used to develop a simple nighttime structure model
of C,2. High resolution rawinsondes provide fine scale estimates of atmospheric temperature
gradients and variances of wind speed. Non-linear regression applied between the thermosonde
and rawinsonde measurements provide the model C* estimator. This quasi-empirical model is -
based upon the theoretical description given by Tatarski and upon an exponentally scaled
estimate of a theoretical model of the eddy dissipation rate given by Weinstock. A discussion
of previous models and a comparison with the Dewan et.al. microshear model is presented.

Model profiles computed for other sites and seasons is compared favorably to related
thermosonde profiles.
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10.

11.

Figure Captions

Turbulence Structure Constant equation. Cﬁ depends on temperature
fluctuations C?.

C? Hufnagel model. CZ expressed as a function of altitude and RMS
wind speed only.

NOAA C2 model. C? expressed as function of statistical distributions
of Brunt-Vaisalla frequency, wind shear, and outer scale.

The Dewan et.al. model. C2 expressed as function of outer scale where
outer scale is modeled after high resolution wind shears.

Thermosonde model. C? expressed as function of Brundt-Vaisalla
frequency and outer scale. Outer scale modeled after thermosonde
measurements.

Thermosonde Model 1 and Model 2 expressions. Outer scale expressed as
functions of RMS wind speed and Brundt-Vaisalla frequency.

Final Form of expression for outer scale model. Ratio of scaled wind speed
variance and Brundt-Vaisalla frequency.

Thermosonde Profiles measured at Pennsylvania State University, Flight
L4007, May 4, 1986, Temperature, Relative Humidity, Cﬁ, Wind Speed,
Wind Direction.

Thermosonde Ct2 measurement (raw and smoothed) profiles compared to
model (1) C2 profile. Flight L4007.

Binned scatter plot of data from entire Pennsylvania State University cam-
paign. "L" for smoothed thermosonde measurements compared with "L*
from model (1). A 45 degree slope represents perfect agreement. Error bars
represent the standard deviation of the data in each bin. Numbers above
the plots are the number of points falling outside three standard deviations.
Left-hand plot is troposphere. Right-hand plot is stratosphere.

Regression constants for Model (1) and Model (2).
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Thermosonde Profiles measured at Champaign, lilinois Flight L1014, Jﬁne
1988.

Thermosonde Ct2 measurement (raw and smoothed) profiles compared to
model (1) C? profile. Flight L1014

Outer scale - smoothed thermosonde data compared to model.

Smoothed shear profile as determined by Dewan's application.

Thermosonde Ct2 measurement (raw and smoothed) profiles compared to
Dewan, et.al. G2 model profile. Flight L4007.

L(z) from smoothed thermosonde data compared to Dewan, et.al. L(z)
model profile. Flight L4007. :

Brunt-Vaisala frequency and RMS wind speed profiles derived from
smoothed measurement compared with Dewan et.al. model C2 profile.
Flight L4007.

Scatter plot of "L" for smoothed thermosonde measurements compared with

"L" from Dewan, et.al. model. Flight L4007. Leftmost plot for troposphere.
Rightmost plot for stratosphere.

Isoplanatic Angle expressed as function of Cﬁ and altitude.

Isoplanatic angle calculations for Pennsylvania State University Campaign.
Comparison of measurement to model.

Dewan et. al. model. Isoplanatic angle calculations. Comparison of meas-
urement to model.

Isoplanatic angle calculations for Pennsylvania State University Campaign,
Champaign, Ill Campaign, and Desert Site Campaigns. Comparison of
measurements to model.

Conclusions. Self-dgscriptive.
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